SUMMARY We studied the refractoriness of Pnrkinje fibers with the iatent of localiziDg critical sites of block of premature impulses. To preserre the ventricular conducting system (VCS) nearly intact in ritro, we used a modification of the Elizari preparation. This was superfused with a physiologic salt solution. Action potential durations increased progressively from the His bundle to the distal Purkinje fibers along three pathways: (1) the main right bundle branch and moderator band; (2) the anterior border fibers of the left bundle and anterior false tendons; (3) the posterior border fibers of the left bundle and posterior false tendons. The action potential durations near the terminations of the false tendons were the longest ones found. The interior fibers of the left bundle branch had action potentials of shorter duration and greater rariability than those of tunultaacoasly activated fibers in the right bundle branch or the border fibers of the left bundle branch. Similarly, on the right side, toe septa! branches of the right bundle had action potentials of shorter duration than those of the moderator band. We also found that the fibers with short action potential durations prorided the quickest pathways to septal myocardium. When extrastimuli were applied to the His bundle, block in a bundle branch always occurred in tbe proximal 1 or 2 cm of the main bundle branch. Experiments performed in viro in which extrastimuli were delivered to tbe atrium or His bundle and recordings made from the terminations of false tendons and tbe distal ends of the main right bundle branch confinned tbe finding that the critical sites of block were located in tbe proximal main bundle branches. SOME TIME AGO, it was suggested tentatively by Hoffman and co-workers 1 ' 3 that peripheral Purkinje fibers might be especially prone to block conduction of premature impulses, i.e., that the longest refractory periods might reside in distal sites of the ventricular conduction system (VCS). Later, this suggestion was tested in vitro with certain segments of the bundle branches which included the false tendons.'"' It was found that the durations of action potentials Increased distallv, attaining maxima near the terminations of the false tendons. The functional refractory periods of these segments of the bundle branches were imposed by the distal sites. By extrapolation, the hypothesis was formulated that there are uniform maxima of refractory periods at peripheral sites throughout the VCS which function collectively as a "gate" limiting the passage of premature impulses originating either within the VCS or within ventricular myocardium.*"• These conclusions 4 "' derive from data obtained from relatively small preparations of false tendons and adjoining islands of myocardium from the right or left ventricle. Recently, detailed studies of activation of the entire canine left bundle branch in vitro * revealed complexities of function of the total structure which would not have been apparent in such dissected preparations. Consequently, it appeared desirable to reexamine the refractory properties of the VCS in vitro, using preparations that preserved the VCS more nearly intact. Under these conditions, the critical site of block of premature impulses was not distal but proximal in the main bundle branches. This finding was corroborated by studies performed in vivo.
SOME TIME AGO, it was suggested tentatively by Hoffman and co-workers 1 ' 3 that peripheral Purkinje fibers might be especially prone to block conduction of premature impulses, i.e., that the longest refractory periods might reside in distal sites of the ventricular conduction system (VCS). Later, this suggestion was tested in vitro with certain segments of the bundle branches which included the false tendons.'"' It was found that the durations of action potentials Increased distallv, attaining maxima near the terminations of the false tendons. The functional refractory periods of these segments of the bundle branches were imposed by the distal sites. By extrapolation, the hypothesis was formulated that there are uniform maxima of refractory periods at peripheral sites throughout the VCS which function collectively as a "gate" limiting the passage of premature impulses originating either within the VCS or within ventricular myocardium.*"• REFRACTORINESS IN THE CONDUCTION SYSTEM jLazzara et al.
along the superior aspect of the bundle. The ventricular septum was split to the crest, allowing the left and right ventricular surfaces to be aligned in a plane with the His bundle. The flaps of the split ventricular septum were large, and they included all of the bundle branch fibers of the septum. Also attached to the septal flaps were portions of the right ventricular free wall which contained the termination of the moderator band, and portions of the left ventricular free wall including the papillary muscles and their junctions with the anterior and posterior false tendons. A pinned preparation stained with iodine to highlight the specialized conducting fibers is shown in Figure 1 .
The superfusate, equilibrated with 95% O, and 5% CO, at 37°C, contained the following (in mmol/liter): N a \ 151; K. 1 ", 4.0; Ca'+, 1.4; Mg 1+ , 0.5; Cl", 132; HCO,-, 24.0; HPO 4 2 ", 1.8; dextrose, 5.5. The adequacy of superfusion was assessed by comparing the transmembrane potentials of interior fibers of the left bundle branch before and after removal of approximately 80% of the muscle mass of the preparation. The values (mean ± SD) for resting potentials (88 ± 4 mV), action potential amplitudes (110 ± 5 mV), maximal rate of rise of phase 0 depolarization (425 ± 43 V/sec), and the duration of the action potentials <3+8 ±-30 msee^, were not significantly different with or without the bulk of the muscle mass. These values for amplitudes of resting and action potentials do not differ significantly from values obtained from cells in the false tendons in our laboratory.
Previously described methods and instrumentation" were used to apply driving and extrastimuli (rectangular pulses 1-2 msec in duration and twice threshold inten- sity) to the His bundle and to record close bipolar electrograms and transmembrane potentials. In each experiment, the regions of earliest myocardial activation were located by recording the times of inscription of myocardial electrograms throughout the endocardia! surface of preparations. To construct the maps of action potential durations throughout the VCS, transmembrane potentials were recorded from 60-100 sites on each bundle branch. It usually was practical to map only one bundle branch in a given preparation in detail. The extrastimuli were generated every 6th to 10th driven beat and then coupling intervals could be altered by increments of 5 msec. To avoid confusion in interpretation of activation sequences in these preparations, we point out that the experimental preparation rendered conduction across the septal muscle impossible. The right and left bundle branch systems were connected only through the His bundle. The usual driving rate was 60/min.
STUDIES IN VIVO
In 10 pentobarbital-anesthetized dogs, recordings were made from selected sites in the VCS in vivo while drive and extrastimuli were applied to the atrium or His bundle. For these studies the heart was exposed through a median sternostomy and respiration was maintained with a Harvard respirator. The His bundle was stimulated with plunge wires or catheter electrodes. In order to eliminate pcntobarbital-induced sinus tachycardia, the sinus node was crushed or the cervical vagosympathetic trunks were stimulated (pulses of 1-10 V, 0.05 msec, 20 Hz) through the bared ends of Teflon-coated silver wires inserted into the trunks. Recordings from the proximal right and left bundle branches were made with the tips of electrode catheters passed through a peripheral vein or artery and positioned adjacent to the proximal bundle branches. Recordings were made at the distal main right bundle branch near the site where the false tendon originates (Fig. 1) , by means of an electrode catheter (USCI, 5 Fr.) inserted through a puncture wound in the free wall of the right ventricle near the interventricular groove. The catheter tip nestled in the angle formed by the base of the anterior septal papillary muscle and the septal wall. The long axis of the catheter was parallel to the plane of the septum so that the catheter tip did not jab the septal surface. The stability of the catheter tip position was verified by the consistency of the configuration and timing of the recorded electrograms in the driven beats.
In addition, recordings were made from the papillary muscles of the left ventricle near the termination of the false tendons (Fig. I) by means of very fine (diameter -0.005 inch), Teflon-coated, stainless steel wires. The wires were inserted through a 25-gauge needle which punctured the left ventricular free wall and was withdrawn leaving the bent wire tips hooked into the endocardium. The recordings usually were filtered with a bandpass of 0.1-2,000 Hz or 40-2,000 Hz to accentuate Purkinje spikes. The potentials were recorded on an oscilloscopic recorder (Electronics for Medicine, DR 12, EEP amplifiers) at paper speeds of 200 mm/sec. Stan-dard electrocardiographs limb leads were recorded. In every experiment, we compared the timing and pattern of aberrancy produced by atrial extrastimuli before and after insertion of the recording electrodes in the ventricles. The coupling intervals for aberrancy were reproducible within 20 msec and the aberrant configurations were not altered by the insertion of the recording electrodes.
DEFINITIONS
The functional refractory period of a fiber is the minimal interval between propagated responses. The functional refractory period of a bundle branch is the minimal interval between responses which propagate through all or some portion of the bundle branch to reach ventricular myocardium. Gate cells are defined for the purposes of this report as cells in the VCS located at certain specific sites near the terminations of the false tendons. This term is used because of its brevity and previous usage. 4 " 8 The use of the term does not imply the acceptance of the "gate hypothesis," which proposes that the properties of these specific sites are representative of other distal Purkinje fibers which lead into Purkinjemyocardial junctions. The critical site of block in a bundle branch is the region where aborted, i.e., nonpropagated, responses are generated at a coupling interval just less than the functional refractory period of the bundle branch. It represents the most distal margin of penetration of propagated responses during functional bundle branch block. In practice, a zone was localized extending for several millimeters from proximal to distal. In this zone, there were generated brief responses the amplitude of which decayed in approximately logarithmic fashion with a space constant of 1-3 mm. At the proximal margins of the zone, the upstrokes of the responses probably had a regenerative (active) component, whereas, at distal margins, they were entirely electrotonic.
Results

STUDIES OF ISOLATED CARDIAC TISSUES
Detailed maps were made of the action potential durations and of the times of activation of cells throughout the conduction system. Examples of the action potential durations of cells in the right bundle branch system are depicted in Figure 2 . Comparable data obtained from explorations of the left bundle branch system are shown in Figure 3 . As shown by previous workers,'• the action potential durations increased with progression along the main right bundle branch and moderator band, reaching maximal values near the termination of the moderator band on the free wall. There was a similar progression along the anterior and posterior border fibers of the left bundle branch down to the anatomical terminations of the anterior and posterior false tendons at the tips of the respective papillary muscles.
The earliest activation of myocardial cells on both septal surfaces was provided by septal ramifications of each of the bundle branches. The initial activation of a small island of myocardium on the right lower septal surface anterior to the papillary muscles (Figs. 2 and 4) was provided by anterior septal fibers of the right bundle branch. Simultaneously, on the left side there was initial activation of a broad region of myocardium ( Fig. 3 ) in the mid-and lower septum which was supplied by interior fibers of the left bundle branch. The mean times of activation for both the smaller island on the right and the broader area on the left were 29 ± 3 msec after activation of the His bundle. The consistent feature of these preparations was that the action potentials of these septal fibers in the right and left ventricles were substantially shorter than action potentials of pathways involving the false tendons. The anterior septal fibers of the right bundle branch had action potentials which invariably were shorter than those on the moderator band and usually shorter in duration than those on the distal half of the main right bundle branch (Fig. I) . Similarly, the action potential durations of interior fibers of the left bundle branch generally were shorter than the durations of border fibers at the same level, and always were considerably shorter than those of gate cells (Fig. 3) . With detailed mapping, we never found, in the interior fibers of the left bundle branch proximal to the midseptal region or in the anterior septal fibers of the right bundle branch, action potentials as long as those of the gate cells of the same preparation. In the interior, there also was a trend toward longer durations with distal progression. However, the progression was less uniform than in border fibers; there was more variation among nearby cells. The mean action potential durations at various sites within the VCS are shown in Table 1 . The action potential durations of gate cells were significantly longer than action potentials recorded from proximal sites and action potentials recorded from interior fibers midway down the left bundle branch. The latter comparison was made because the activation of the interior fibers in the midregion had the same temporal relationship to activation of septal myocardial cells as activation of gate cells to myocardial cells of the free wall.
When comparisons were made among fibers of both bundle branches in the same preparation, it was found that the action potentials of the interior fibers of the left bundle branch in general were shorter in duration than those of simultaneously activated fibers of the main right bundle branch, which in turn resembled those of the border fibers of the left bundle branch at the same level. As a result, when block occurred in the main right bundle branch, the interior fibers usually preserved conduction in the left bundle branch. The action potentials of the cells in the interior network of the left bundle branch are directly compared with the action potentials of simultaneously activated cells in the right bundle branch and in the border fibers of the left bundle branch in Figures 5 and 6 . The action potential from the interior cell was recorded at a site proximal to the region of earliest activated septal myocardium on the left. When premature responses were initiated at a coupling interval equal to the functional refractory period of the right bundle branch (Fig. 5D) , the shorter action potential of the interior fiber preserved conduction in the left bundle branch. Note that the interior fiber has a resting potential and action potential amplitude and overshoot comparable to those of the other fibers. In 13 of 14 preparations, block occurred in the right bundle branch at longer coupling intervals than in the left bundle branch. The mean interval at which block occurred in the right bundle branch was 298 ± 43 (mean ± SD) msec, whereas in the left bundle branch it was 262 ± 37 msec (P < 0.001). In the left bundle branch system there was greater delay and block at longer coupling intervals in the border fibers as compared to the interior fibers.
OIL the right side^ the critical site of block localized by exploration with the microelectrode invariably was within the proximal one-half of the main right bundle branch, 0.5-1.5 cm from the tricuspid valve. Aborted responses from cells in the critical site of block are shown in Figures 5 and 7 . There were brief nonpropagated responses within the region of block; distal cells showed no response.
In Figure 7 the recordings in the critical site of block in the right bundle branch are compared with recordings from a site near the termination of the moderator band (gate cell). Although the action potential of this gate cell was 40 msec longer than that of the proximal cell, block did not occur in the gate cell because, as the coupling interval was shortened, encroachment of the responses on repolarization of cells along the pathway slowed conduction enough to allow the distal cell to repolarize to a higher level of membrane potential. Note that the total conduction time prolonged from 18 msec for the driven beat to 45 msec for the premature beats at short coupling intervals ( Fig. 7B and C) . The delays of conduction of premature impulses to distal sites usually were in the range of 30-60 msec, rarely as long as 100 msec.
100ma*c
Despite careful scanning of the cycle with extrastimuli at 5-msec intervals, aborted responses were observed rarely (two of 13 experiments) in gate cells of the moderator band. Aborted responses in gate cells did not result in block of propagation to the free wall because the impulses escaped into ventricular muscle by way of the septal branches which had shorter refractory periods. The differences between right septal fibers and gate cells with respect to the durations of action potentials and the responses to premature stimuli are illustrated in Figure 4 . During the basic cycle, both cells were activated 27 msec after the stimulus (Fig. 4B) . The septal fiber was activated 3 msec before the earliest activation of myocardial cells (shaded area). It corresponded to the gate cell with respect to time of activation and temporal proximity to activation of myocardial cells. However, the duration of the driven action potential of the septal branch cell was considerably shorter than that of the gate cell. At a coupling interval just 5 msec longer than the functional refractory period of the main right bundle branch, there was considerable encroachment of the extra response on the driven action potential of the gate cell, resulting in a response with diminished upstroke velocity and amplitude (Fig. 4C) . In contrast, the septal fiber had repolarized almost completely, allowing a much better response.
Since the delay in conduction of the premature impulse to the septal branch fiber was only about half the delay to the gate cell, it is unlikely that cells with longer action potentials -undetected gate cells-were interposed between the main right bundle branch and the septal branch fiber. Since this cell was activated just 3 msec before ventricular muscle, it also is unlikely that there were gate cells interposed distally between the fiber and ventricular muscle. Note that the septal fiber compares favorably to the gate cell with respect to resting potential and action potential amplitude and overshoot.
On the left side, the critical site of block always was within 1 cm of the origin of the left bundle branch. Recordings from two cells 3 mm from the His bundle are shown in Figure 8 during premature stimulation at a coupling interval of 285 msec. This coupling interval was just equal to the functional refractory period of the bundle branch; there was intermittent block in the left bundle branch. At longer coupling intervals, conduction to the left septal myocardium was preserved. The two proximal cells responded abortively when the impulse was blocked; no response was recorded from distal sites in the left bundle branch. Conduction consistently was blocked in the main right bundle branch (between sites 1 and 2) at this coupling interval. The partial depolarization preceding the upstroke in Figure 7C was a phenomenon often observed in the proximal VCS at coupling intervals close to the functional refractory period. Sometimes the long delay at a proximal site allowed recovery of the critical site of block, restoring conduction at shorter coupling intervals, although there had been block at longer coupling intervals-a "gap" phenomenon.
STUDIES OF THE HEART IN SITU
We attempted to determine whether the critical site of block was proximal or distal in situ by recording Purkinje and myocardial electrograms from strategically selected sites in 10 experiments. In the left ventricle conduction delay and block always occurred proximal to the Purkinje electrograms recorded from the vicinity of gate cells. We did not observe substantial delay or block between the Purkinje and myocardial electrograms. In the right ventricle the appearance of right bundle branch delay or block in the electrogram was associated with delay or block proximal to the Purkinje electrograms recorded from the distal main right bundle branch, not between the Purkinje and myocardial electrograms. Recordings from the right side of the heart during aberrant conduction of premature atrial impulses are shown in Figure 9 . In late-coupled beats, there was no difference in activation times of the various sites from those of the basic beat (Fig. 9A) . The inferior axis shift in Figure  9A may be due to delay in the posterior border fibers of the left bundle branch which were not recorded in this experiment. The first sign in the QRS complex of right bundle branch delay invariably was associated with delayed conduction in the main right bundle branch (Fig. 9C) . The configuration of complete right bundle branch block was associated with block of conduction in the main right bundle branch (Fig. 9D) . As illustrated by Figure 9B , the initial appearance of conduction delay may be associated with atypical changes in the QRS complex.
Discussion
Our observations conform, in some respects, with those of previous investigators.'"• There was progressive lengthening of the durations of Purkinje fiber action potentials with distal progression along certain pathways from the main bundle branches along the false tendons to their anatomical terminations at the free walls of the ventricles. However, we were not able to verify the conclusions of Myerburg and co-workers*"* which led to the hypothesis that distal sites collectively acted as "limiting segments" or "gates" for the passage of premature impulses between the specialized ventricular conduction system and the mass of ventricular muscle. In our studies, impulses which failed to reach ventricular muscle on either side invariably blocked in the proximal bundle branch or the His bundle; conversely, impulses which succeeded in propagating past the first I or 2 cm of either bundle branch always found a route to ventricular muscle.
The preparations used by Myerburg and co-workers 4 '" were dissected so that a false tendon was the sole bridge between islands of tissue. On the left side, the preparations isolated a pathway of border fibers from the main left bundle branch to the free wall. It has been shown that these border fibers form an especially rapid (high velocity) pathway to distant regions of the free wall;" but the left bundle branch is profuse in interior fibers which provide a shorter and quicker pathway to septal myocardium. On the right side, the main bundle branch and moderator band form a high velocity route for conduction to the right ventricular free wall, analogous to the border fibers of the left bundle branch; however, anterior septal branches provide shorter and quicker access to myocardial cells of the septum. The preparations of Myerburg and co-workers 4 '* excluded the interior fibersof the left bundle branch and the septal fibers of the right bundle branch from study. The false tendons artifactually provided the only route to ventricular muscle. In addition, it is apparent from the drawings of the dissected preparations that only the distal portion of the main bundle branch commonly was included in the proximal island.
Our preparations in vitro contained most of the VCS intact. The pathways provided by the anterior septal radiations of the right bundle branch and the interior fibers of the left bundle branch to ventricular muscle were preserved. These pathways contained fibers having shorter action potentials and shorter refractory periods than pathways which involved the false tendons. Also, in our preparations, the entire length of the pathways from the His bundle to gate cells was preserved. The delays in conduction to peripheral sites of premature impulses initiated in the His bundle were greater than the delays reported 4 '* with preparations in which the routes were foreshortened by dissection and impulses were initiated in the right bundle branch. The conduction delays offset the longer action potentials of gate cells, allowing them to recover sufficiently to conduct premature impulses which propagated past the proximal bundle branches.
The shorter functional refractory period of the left bundle branch (as compared to the right bundle branch) was a consequence of the shorter durations of action potentials of the interior fibers of the left bundle branch and also of the fact that the interior fibers originate from the very beginning of the left bundle branch. Since interior fibers are interconnected, •• '•'• " it is a reasonable inference that premature impulses would follow the routes of the action potentials of shortest duration, bypassing those fibers with longer action potentials. Thus, in the left bundle branch, the interior fibers provided a bypass of the longer refractory periods of the border fibers; the interior fibers with brief refractory periods bypassed those with longer refractory periods. Because the interior fibers are a direct continuation of the most proximal main left bundle branch, the net result was that the functional refractory period of the left bundle branch was determined by very proximal fibers in the main bundle. On the right side, the septal branches, which are analogous to the interior fibers of the left bundle branch in having short refractory periods, originate more distally, after the right bundle branch has coursed for several centimeters as a single fascicle. Because of the progressive increase in action potential durations along the main right bundle branch, it was necessary for premature impulses to traverse regions with longer refractory periods before gaining access to the septal branches. Consequently, the septal branches of the right bundle branch were less effective as escape routes for short-coupled impulses than were the interior fibers of the left bundle branch.
In our preparations, the His bundle itself was subject to direct dissection; the preparations were unusually large for superfusion; and the splitting of the ventricular septum resulted in an alteration of the angle of separation of the two bundle branches at their origin. We 10 and Elizari 11 have argued elsewhere concerning the normality of the His bundle itself. However, in this study we present no data relating to the His bundle, so that its normality is not a crucial issue. With respect to the adequacy of superfusion of the large preparation we used, we found that removal of more than 80% of its bulk did not alter the transmembrane potentials of interior fibers of the left bundle branch significantly. Moreover, the values for resting and action potentials were not significantly different from those recorded in our laboratory from standard preparations of false tendons bridging small islands of tissue. The mean values for resting and action potentials and maximal rates of rise of upstrokes were slightly less than those reported as normal for canine Purkinje fibers.
14 However, the lower values we recorded are appropriate in relation to the composition of our superfusate, which contained a higher concentration of potassium and lower concentration of calcium than were used in most laboratories until a few years ago. The action potential durations recorded from gate cells in our preparations (Table 1 ) are comparable to those reported by Myerburg et al., 4 "' considering that we measured duration to 100% repolarization. With respect to the change in angulation of the origin of the bundle branches in our preparations, we did not find experimental evidence of depressed fibers at the origins. In fact, block did not occur at the bifurcation of the His bundle, but usually several millimeters to 1 l h cm down the bundle branches.
Since the VCS in our preparations was nearly intact, the normality of the preparations can be assessed by comparisons of several observations with comparable observations made in vivo. The mean interval between excitation of the proximal His bundle and the earliest myocardial activation in vitro (29 msec) was within the range of reported values for the interval between the His bundle electrogram and earliest ventricular activation (H-V times) in vivo."' 17 Therefore, conduction velocity was normal overall in the VCS in our preparations. Also, in our preparations in vitro the earliest myocardial activation was nearly simultaneous on the two sides, involving a broad region of the midseptum on the left and a small island anterior to the papillary muscle on the right. The same pattern has been observed in vivo." The consistency of this pattern of activation among preparations in vitro and its resemblance to the pattern in vivo indicate that there were no consistent or variable regional abnormalities in the proximal VCS among the preparations in vitro. Finally, the longer refractory period of the right bundle branch in our preparations in vitro is consistent with the more frequent occurrence of functional right bundle branch block in aberrantly conducted premature beats in dogs in vivo" and in man. 10 ' "
Our experiments in vivo were designed to distinguish block occurring at peripheral sites from block occurring in the proximal main bundle branches. The gate hypothesis predicts that premature impulses in vivo block initially at peripheral sites, whereas our findings predict that the important sites of block are in the proximal main bundle branches. Since the abnormally fast sinus rates of pentobarbital-anesthetized, thoracotomized dogs would tend to equalize the durations of action potentials within the VCS, 12 thereby negating the gating function of distal cells, we slowed the sinus rate to avoid this pitfall. The findings were most conclusive on the right side because a recording site could be pinpointed at the termination of the main right bundle branch-proximal to the false tendons and gate cells yet distal to all cells on the main'right bundle branch. The electrocardiographic pattern of right bundle branch block correlated with delay of Purkinje potentials recorded from the distal main right bundle branch, not with delay between the Purkinje electrogram and the myocardial electrogram. Delay or block localized at the gate cells should lengthen the interval between the Purkinje and the myocardial electrograms. Scrutiny of the data obtained in vivo by Hoffman and co-workers'-• does not disclose any apparent discrepancies with our data. The recording sites they described a& "Purkinje-papillary junctions" presumably were similar to our distal recording sites. The "Purkinje-papillary junction" on the right side is at the end of the main right bundle branch, but at the beginning of the false tendon (moderator band), whereas, on the left side, the Purkinje-papillary junctions are at the distal ends of the false tendons in the vicinity of gate cells. They did not show any examples of delay or block between the Purkinje spikes and the myocardial spikes of recordings from the Purkinje-papillary junction. They did describe instances of block distal to proximal recording sites on the "bundle branches." However, these findings are still compatible with block in the proximal bundle branches, since the recording sites may have been very close to the origin of the bundle branches and the site of block a few millimeters distal. A more recent study" with electrodes attached to the moderator band also concluded that functional right bundle branch block correlated with proximal delay or block.
The differences in refractoriness of the major segments of one or the other bundle branch, i.e., the border fibers vs. the interior fibers of the left bundle branch and the moderator band vs. the anterior septal fibers of the right bundle branch, should be reflected in a variety of patterns of aberrancy in the QRS in addition to the standard configurations of right or left bundle branch block. In man, multiple patterns of aberrancy have been observed, 14 including various combinations of "hemiblock," which probably correspond to selective block in conduction along the anterior or posterior border fibers. We did not, in this study, systematically describe and classify the various electrocardiographic configurations of aberrantly conducted premature beats in vivo, nor did Moe et al." However, it appeared that with lesser degrees of aberrancy the electrocardiographic configurations of the QRS often did not fall into the two standard categories of right and left bundle branch block (Fig. 9B) .
A gap phenomenon for the conduction of premature impulses within the VCS has been described in vivo for normal human hearts." As the coupling of premature impulses is progressively shortened, there is encountered an interval in which the impulses block within the VCS but conduction resumes at still shorter coupling intervals. It was theorized that the resumption of conduction at the shorter coupling intervals was due to conduction delay of sufficient magnitude proximal to a critical site of block to allow recovery of responsiveness at the critical site of block. The cellular electrophysiological characteristics of this delay were not clarified. It was not known whether the delay was due to spatially continuous slow conduction of poor action potentials or whether the delay could be accounted for by a spatially localized discrete increment in conduction time related to a step or "prepotential" of the type described by Van Dam et al." In our studies, the gap phenomenon was always related to a partial depolarization, i.e., "prepotential," which preceded the upstroke at a site proximal to the critical site of block.
A mechanism for reentry based on the gate hypothesis has been proposed. 8 -•• " The speculation was as follows: If the uniformity of the refractory periods of the collective gates were perturbed by an abnormality of refractoriness at some region of the gate, a suitably timed premature impulse might cross the gate at some region while blocking at others. It then might propagate through ventricular muscle until other gate regions became receptive for retrograde penetration. If there were sufficient conduction delay in retrograde crossing of the gate, a reentrant loop might be formed. This is a theory for the second premature beat; it could not account for the first. In fact, it is not necessary to postulate on abnormality of refractoriness since the long recognized difference in refractoriness of the two bundle branches provides the basic conditions contained in the hypothesis. Moreover, our findings indicate that there are normal differences of refractoriness not only between the bundle branches but among different parallel pathways of a bundle branch system. Yet we did not observe reentrant firing in response to premature stimulation, either in vitro or in vivo. The important ingredient of very slow conduction was lacking in our studies as it was in previous studies.*'' It is probable that reentry in abnormal hearts is a phenomenon which originates in regions of very slow conduction. 10 -28 " 30 Very slow conduction generally is associated with refractoriness which outlasts the action potential, rather than the voltage-dependent refractoriness which is manifested by normal cells. Therefore, normal cells excited during repolarization are not likely to be a propitious model for understanding the creation of reentrant pathways in abnormal hearts.
